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X.1 Introduction
As "the chemistry of molecular assemblies and of the intermolecular bond", 1 supramolecular chemistry exploits a variety of non-covalent intermolecular forces to connect and organise chemical architectures constructed of molecules as building blocks (called "tectons"). 2 The most common type of intermolecular interactions are hydrogen bonds, 3 donor-acceptor or dative-coordinate bonds, 4 secondary bonds or "soft-soft" interactions, 5 halogen bonds, 6 π … π stacking 7 and metal π-bonds. 8 Metal … π(arene) bonds are well documented for transition metals with complexes such as bis(benzene)chromium, Cr(C6H6)2, and benzenechromium tricarbonyl, C6H6Cr(CO)3, now being historical landmarks. The bond between a transition metal atom and an arene ring is formed by donation of the π-electrons from the ring into the dorbitals of the metal. This is not possible in the case of main group (post-transition) elements.
However, compounds of the main group elements non-covalently bonded to benzene or other arenes have been discovered and structurally characterised by X-ray diffraction, challenging puzzled chemists for a rational explanation. Examples are the socalled Menschutkin (Menšutkin) complexes of antimony and bismuth 9 including C6H6.SbCl3, C6Me6.2SbX3 (with X = Cl, Br) and C6H6.BiCl3 or C6Me6.BiX3 (with X = Cl or Br). Metalaryl interactions were also discovered in the dimeric tin(II) dithiophosphate, [Sn{S2P(OPh)2}2]2, 10 and in the dimeric lead(II) dithiophosphonate, [Pb{S2P(OPr i )(C6H4OMe-4)}]2. 11 Tellurium … π(arene) interactions were suggested in two compounds and their formation proposed as involving the lone-pairs of electrons interacting with the ring. 12 Thus, it was noted "We tentatively suggest that the lone-pair is located between the π-bonded phenyl ring and the central tellurium atom. It is quite possible that similar weak π-interactions between tellurium atoms and aromatic groups are present in other 4 organotellurium compounds and passed unnoticed so far". 12 This prompted the first systematic search of the Cambridge Crystallographic Database (CSD), 13 where lonepair … π(arene)
interactions were proposed as being important in molecular packing. This search revealed a significant number of tellurium compounds displaying such interactions in the solid-state, but not identified so in the original reports. 14 More recently, a new search was undertaken and the stereochemical influence of the tellurium lone-pair interaction with the πsystems investigated. 15 The data mining of the CSD 13 was extended to practically all posttransition metals, 16 i.e. gallium, indium and thallium, 17 tin, 18 lead, 19 arsenic, 20 antimony and bismuth, 21 and selenium. 22 In related bibliographic studies, organometallic metal carbonyl compounds were also found to form M-CO … π(arene) complexes, with intermolecular bonds leading to supramolecular associations and recognisable supramolecular architectures; 23 a more recent survey of DMSO-O(lp) … π(arene) interactions reinforces the importance of this type of contact in supramolecular chemistry.
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The lone-pair … π(arene) interaction 14 is now recognised as a valid bond type, both intramolecular and intermolecular, leading in the last case to supramolecular self-assembly.
14-24 DFT calculations with an exchange hole dipole moment (XDM) dispersion correction on some arsenic(III) species showed these interactions may be described as lone pair(As)···π but, interestingly, in some examples these were best described as being of the type donor(π)−acceptor(As). 25 Clearly, there is scope for further theoretical investigation in this area as proven highly informative in the cases of halogen 26 and some theoretical calculations were performed on the assumption that the carbon-free heterocycles may display some aromatic character.
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The intention here is to highlight the relevance of main group element lone-pair ... π(arene)
interactions, abbreviated hereafter as M(lp) … π(arene), as a new non-covalent bonding mode in supramolecular chemistry. In so doing, the diversity the supramolecular aggregates sustained by these interactions will be revealed, most of which remained hidden until an appropriate analysis of the available information from the CSD 13 was performed. Most of the earlier literature reports only the molecular structures, but the analysis of their molecular packing often reveals supramolecular associations through M(lp) … π(arene) interactions.
X.2 Methodology
The Cambridge Structural Database (CSD) 13 was employed as the primary resource in data mining studies searching for M(lp) … π(arene) interactions. The CSD was searched using the program CONQUEST 35 in accord with the structural protocols shown in Fig. X.1(a) . Thus, two key geometric restrictions were applied. Firstly, d, the distance between the main group element atom (M) and the centroid (Cg) of the arene ring was based on the sum of the halfthickness of a phenyl ring, taken as 1.9 Å, being the upper value for half the centroidcentroid distance in parallel arene rings, 7a and the respective van der Waals radii of M, 36 plus 6 10% to enable the capture of all putative contacts. 37 The second criterion relates to the angle, α, which is defined as the angle between the normal to the plane through the arene ring (V1) and the vector passing through Cg to M (V2). The α angle was restricted to be less than 30º to ensure that only delocalised M … π(arene) interactions were extracted. Referring to Fig. 1(b) , a delocalised interaction corresponds to the M atom sitting plumb or close to plumb over the ring centroid. 38 By contrast, a localised interaction would see the lone-pair directed towards a specific atom of the ring and a semi-localised interaction would have the lone-pair directed towards one bond of the ring. Preliminary screening was applied so that structures with disorder or unresolved errors were omitted along with those having other heavy metal atoms.
Manual sorting of each individual "hit" ensued employing the programs PLATON 39 and DIAMOND. selenium(II and IV) 22 and tellurium(II and IV) 15 crystal structures are presented, in this order.
Examples were selected on the basis of novelty and aesthetics: the interested reader is referred to the original exhaustive reviews for full details for each element. Diagrams were drawn/redrawn with the aid of DIAMOND, 40 with all hydrogen atoms omitted, and the accompanying chemical structure diagram only includes the species participating in the M(lp) ... π(arene) interaction, i.e. typically counter-ions, solvents, etc. are not included.
X.3 Overview of M(lp) … π(arene) interactions X.3.1 Indium(I)
The chemistry of gallium and indium with the element in the +I oxidation state is not very well developed, 41 there being relatively few examples, certainly when compared with the farranging chemistry of thallium(I). There is in fact only one example of an indium(I) structure featuring 
X.3.4 Lead(II)
As mentioned above in X.3.2, the zero-dimensional dimeric aggregate illustrated in X.4(a) is a common motif. A variation on this motif is found for Pb(SC6H3Me2-2,6)2(NC5H4NMe24), 
X.3.8 Selenium(II, IV)
The familiar zero-dimensional dimeric aggregate is found in the structure of the The final compound to be discussed in this section is also a salt, namely The last structure to be described poses a dilemma in the assignment of the putative Te(lp) … π(arene) interactions akin to that noted in the structures of Pb(C6H4Br-4)2, 51 The resulting assembly is a supramolecular linear chain.
X.4 Biological relevance
While the recognition of M(lp) … π(arene) interactions in main group element systems is a relatively recent phenomenon, it is likely that the first report of such an interaction was in the macromolecular literature. 79 Referring to 
X.5 Conclusions and Outlook
The foregoing discussion indicates that M(lp) … π(arene) interactions exercise a very real role in the supramolecular chemistry of the main group elements, leading to well-defined zero-, one-and more rarely, two-and three-dimensional supramolecular assemblies. [16] [17] [18] [19] [20] [21] [22] Thallium(I) compounds are the most likely to form these types of interactions, being found in nearly 14%
of thallium(I)-containing structures. This number is greater than the 9% probability for bismuth(III) to form Bi(lp) … π(arene) interactions which in turn is higher than 6% for antimony(III), selenium(II, IV) and tellurium(II, IV) compounds. The least likely elements to form M(lp) … π(arene) interactions are arsenic(III) (4%), and tin(II) and lead(II) (2 ~ 3%)
compounds. As noted previously, [16] [17] [18] [19] [20] [21] [22] no correlations exist between d and α. In some bismuth(III) series of compounds, systematic variations in d were successfully correlated to differences in electronegativity of bismuth(III) centres as well as the π-systems.
21.
A complete theoretical understanding of M(lp) … π(arene) interactions is a work in progress.
However, there appears to be some consensus that the attributes leading to halogen bonding may be relevant in this context. Thus, there is polarity in the electron distribution of the lonepair of electrons so that there is an electron deficiency at the tip of the lone-pair of electrons and a build-up of electron density around the girth. The electron-rich π-system thereby interacts with the electropositive region at the tip of the lone-pair. 81, 82 However, as noted in the Introduction, dispersion-corrected DFT calculations reveal that these interactions may be sometimes described as donor(π)−acceptor(As) interactions, 25 consistent with aforementioned "additional" contacts mentioned for (11) 51 , (12) 52 and (38) 78 . The latter observations indicate more theoretical work is required to fully appreciate the nature of these interactions. 
